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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for manufacturing 
a silicon carbide semiconductor element of good characteristics by 
keeping the SiC surface clean and smooth after annealing for 
activating ion-implanted impurities. 

SOLUTION: A protective film is deposited before high temperature 
annealing on the surface where a mask and oxide film 3, etc., are 
removed after impurity ions 5 are implanted in the surface layer, so 
that a surface roughening is prevented while impurity atoms are 
suppressed form being desorbed from surface due to out-diffusion. 
A diamond-like carbon(DLC) film 4 or photo-resist is used for the 
protective film. After an organic film pattern such as photo-resist is 
formed, the film is carbonized to provide a graphite film which is 
used as a mask for selective doping by a thermal diffusion method. 
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♦ NOTICES ♦ 

JPO and NCIPI are not responsible for any 
daoages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon carbide semiconductor device characterized by depositing a 
protective coat on a front face, performing annealing, and removing the protective coat after annealing after 
performing alternative doping using a mask and removing a mask in the manufacture approach of the silicon carbide 
semiconductor device which forms an impurity range in the surface layer of a silicon carbide crystal plate by doping 
of an impurity, and subsequent annealing. 

[Claim 2] The manufacture approach of the silicon carbide semiconductor device according to claim 1 characterized 
by a protective coat being the diamond-like carbon film or organic film. 

[Claim 3] The manufecture approach of the silicon carbide semiconductor device according to claim 2 characterized 
by the doping approach being ion-implantation or a gas diffusion method. 

[Claim 4] The manufacture approach of the silicon carbide semiconductor device according to claim 2 or 3 
characterized by removing a protective coat by the oxygen plasma. 

[Claim 5] The manufacture approach of the silicon carbide semiconductor device characterized by performing 
alternative doping using a mask, and performing annealing by the non-oxidizing atmosphere in the manufacture 
approach of the silicon carbide semiconductor device which forms an impurity range in the surface layer of a silicon 
carbide crystal plate by doping of an impurity, and subsequent annealing, with a mask not removed. 
[Claim 6] The manufacture approach of the silicon carbide semiconductor device according to claim 5 characterized 
by a mask being the organic film. 

[Claim 7] The manufacture approach of the silicon carbide semiconductor device according to claim 6 characterized 
by the doping approach being ion-implantation or a gas diffusion method. 

[Claim 8] The manufacture approach of the silicon carbide semiconductor device according to claim 6 or 7 
characterized by removing the mask which carried out silicon carbide by the after [ annealing ] oxygen plasma. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device made from 

silicon carbide (it is described as Following SiC). 

[0002] 

[Description of the Prior Art] In recent years. SiC attracts attention as one of the semiconductor materials which 
replace a silicon (it is described as Following Si). As for SiC. in 4 H-SiC, since it is large about 3 times compared 
with 3.25eV and it (1.1 2eV) of Si, a band gap can make upper limit temperature of operation high. Moreover, 
dielectric-breakdown field strength is 3,0 MV/cm at 4 H-SiC. Since it is large a figure single [ about ] compared with 
it (0.25 MV/cm) of Si, the on resistance which is effective with the inverse number of the cube of dielectric- 
breakdown field strength is reduced, and the power loss in a steady state can be reduced. Furthermore, thermal 
conductivity is also 4.9 W/cmK at 4 H-SiC. Since it is high 3 or more times compared with it (1.5 W/cmK) of Si, the 
advantage that the heat cooling effect can miniaturize a cooling system highly is also born. Since saturation drift 
velocity is as large as 2x107 cm/s. It excels also in high-speed operation. 

[0003] Since it is such, as for SiC. the application to a power semiconductor device (it is called a power device 
below), a high frequency device, an elevated-temperature actuation device, etc. is expected. Current, MOSFET, pn 
diode, schottky diode, etc. are made as an experiment, and the devices which exceed the property of Si about 
isolation voltage and on resistance (= forward voltage/forward current at the time of energization) are occurring one 
after another. 

[0004] The technique which controls a conductivity type and carrier concentration in the selected field is required 
for these component creation. There are a thermal diffusion method and ion-implantation in the approach. 
Application is difficult for the thermal diffusion method widely used by Si semi-conductor child into SiC since the 
diffusion coefficient of an impurity is very small to SiC. Therefore, in SiC. ion-implantation is usually used. 
[0005] As an ion kind poured in, nitrogen (it is described as Following N) Lynn (it is described as Following P) is used 
to n mold, and many aluminum (it is described as Following aluminum) or boron (it is described as Following B) is 
used to p mold. 

[0006] Drawing 3 (a) - (e) is the sectional view of the order explaining the process of the process which follows an 
ion implantation and it of a process. 

[0007] After pretreating the epitaxial wafer which grew the epitaxial layer 2 on the substrate layer 1 from an organic 
solvent, an acid. etc.. an oxide film 3 is formed [ drawing 3 (a)]. 

[0008] A photoresist 4 is applied and patterning of the oxide film 3 is carried out [this drawing (b)]. 
[0009] The B ion 5 is poured in [this drawing (c)]. As a mask for ion implantations, a photoresist is sufficient. 
However, in order to stop the crystal damage by the ion implantation to the minimum, an ion implantation is 
sometimes performed into a several 100 degrees C - 1000 degrees C ambient atmosphere. In that case, it must be 
the mask of the ingredient which naturally bears garden temperature. 

[0010] Before carrying out after [ impregnation ] elevated-temperature annealing, all of a photoresist, an oxide film, 
etc, are removed and it changes into the condition that the SiC front face was exposed [this drawing (d)]. This is for 
preventing a reaction with SiC occurring, if the thermal oxidation film etc. has accumulated on SiC at the time of 
subsequent elevated-temperature annealing, and etching taking place. Since there is a crystal damage especially in 
the field by which the ion implantation was carried out. and the bonding strength between each atom is weak and it 
is easy to be etched from others and a field, caution is required. 

[0011] Then, elevated-temperature annealing for activating the poured-in impurity electrically is performed [this 
drawing (e)]. In order to activate an impurity thoroughly, with 1300 degrees C and aluminum, a 1 700-degree C 
elevated temperature is required of N in 1500 degrees C and B. Thus, although aluminum can make annealing 
temperature after an ion implantation lower about 100-200 degrees C than B. since the atomic weight is large, the 
damage at the time of an ion implantation is more serious than B. 

[0012] Moreover, at the time of elevated-temperature annealing, it is put into the sample of SiC which carried out 
the ion implantation into a polycrystal SiC container. This is for preventing sublimation of the atom near [ hot ] the 
front face, and preventing a surface dry area. 

[0013] Then, in the case of the MOS device of insulated-gate structure, the thermal oxidation film is formed, for 

example. Moreover, in the case of schottky diode, a shot key electrode is formed. 

[0014] 
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[Problem(s) to be Solved by the Invention] In the case of an atom with comparatively small atomic weight like B. the 
problem that B atom carries out the method of outside and method diffusion of inside at the time of 1 700-degree-C 
annealing after an Ion implantation occurs. If especially the ion-implantation depth is shallow, B atom will slip out 
from a front face in a vacuum by out-diffusion. 

[0015] Moreover, also in any of making annealing temperature high, enlarging an ion-implantation dose, and pouring 
in an ion-implantation kind with a big atomic weight, there is a problem that the surface dry area by step bunching 
becomes intense. 

[0016] Step bunching is the following phenomena. For example, it is the epitaxial layer which grew on the substrate 
(this include angle is called off include angle) substrate leaned in the [1 1-20] direction about 8 times from the field 
(0001) of 4 H-SiC, and in order that each atomic layer may grow up to be a longitudinal direction, it is the 
phenomenon in which the growth step in the edge of each atomic layer is unified under a certain condition, and 
surface irregularity becomes intense. 

[0017] On the other hand, compared with an ion implantation, there are few processes, and they end and a thermal 
diffusion method can form deep junction easily. However, as stated previously, the diffusion coefficient of the 
impurity in SiC is dramatically small. Therefore, since it was necessary to make it an about 2000-degree C elevated 
temperature in order to form junction with a thermal diffusion method, and such an elevated temperature was borne 
and a suitable mask ingredient with easy processing of patterning etc, was not found, most diffusion methods were 
not enforced until now. 

[0018] In view of such a problem, about the SiC front face after annealing, it is kept smooth and the object of this 

invention is to offer clarification and the approach of producing the device of a good property. 

[0019] 

[Means for Solving the Problem] In the manufacture approach of the silicon carbide semiconductor device which 
forms a reverse conductivity-type field In the surface layer of a silicon carbide crystal plate by doping of an 
impurity, and subsequent annealing, in order to solve the above-mentioned technical problem, after performing 
alternative doping using a mask and removing a mask, this invention shall deposit a protective coat on a front face, 
shall perform annealing, and shall remove the protective coat affcer annealing. 

[0020] Especially, a protective coat shall be the diamond-like carbon film (it is described as the DLC film below), or 
organic film. Any of ion-lmp!antatlon or a gas diffusion method are sufficient as the doping approach. 
[0021] H atom In the DLC film or the organic film and O atom **** at the time of the heating at high temperature of 
annealing, and serve as graphlte-ized C thin film at it. The melting point of graphite Is 3550 degrees C, and can bear 
enough 2000 degrees C of temperature required for thermal diffusion. Therefore, the evaporation from the front face 
of poured-in B is controlled, the concentration gradient of B is decreased, and out-diffusion can be prevented as 
the result Moreover, since surface Si and C atom have combined with the atom of C layer, the surface diffusion of 
the atom of the outermost surface of a SiC wafer is controlled, and a surface dry area is reduced. 
[0022] The oxygen plasma shall remove as the clearance approach of a protective coat. 
[0023] this C film — 02 the plasma — CO and C02 etc. — it is become and removed. 
[0024] In the manufacture approach of the silicon carbide semiconductor device which forms a reverse 
conductivity-type field in the surface layer of a silicon carbide crystal plate by doping of an impurity, and 
subsequent annealing, alternative doping using a mask is performed, and annealing may be performed by the non- 
oxidizing atmosphere, with a mask not removed. 
[0025] Especially a mask shall be the organic film. 

[0026] If it is made such, H atom In the DLC film or the organic film and O atom will **** at the time of the heating 

at high temperature of diffusion, and will serve as graphite-ized C thin film at it. The melting point of graphite is 

3550 degrees C. and can bear enough 2000 degrees C of temperature required for thermal diffusion. 

[0027] Also in this case, the oxygen plasma shall remove as the clearance approach of a mask. 

[0028] that that is right, then the carbonized film — 02 the plasma — CO and C02 etc, — it is become and 

removed. 

[0029] 

[Embodiment of the Invention] Based on an example, the gestalt of operation of this invention is explained below. 
[0030] [Example 1] drawing 1 (a) - (f) is the sectional view of the order explaining the manufacture approach of this 
invention first of a process. 

[0031] As a wafer, the epitaxial wafer which grew the epitaxial layer 2 was used on the substrate layer 1 of n mold 4 
H-SiC of the field turned off 8 degrees from Si (0001) side, the carrier concentration of the substrate layer 1 — 
1x101 8-/cm3 — it is — the carrier concentration of an epitaxial layer 2 — 10 micrometers in 1x1016/cm 3 and 
thickness it is . 

[0032] The oxide film 3 with a thickness of 30nm is first formed by 1 100 degrees C and pie ROJIE nick oxidation of 
5 hours on this wafer [ drawing 1 (a)]. 

[0033] Subsequently, the photoresist 4 with a thickness of about 5 micrometers is applied by the spin coater. After 
100-degree C baking raises the adhesion of a photoresist 4 and the thermal oxidation film 3, patterning of the 
photoresist 4 is carried out by the photolithography, and the exposed part of the thermal oxidation film 3 is etched 
by buffered fluoric acid after that [this drawing (b)]. 

[0034] Then, the B ion 5 Is poured in at a room temperature [this drawing (c)]. Acceleration voltage is 30 or 
eO.IOOkV, and the total dose is 5x1013cm-2. 

[0035] It sets in substrate temperature of 100 degrees C, and after an ion implantation and a photoresist 4 are 02. 
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Plasma ashing removes. Moreover, buffered fluoric acid removes the thermal oxidation film 3 altogether. Then, the 
DLC film 6 with a thickness of about lOOnm is formed with the ECR-CVD method using methane (CH4) [this 
drawing (d)]. It is better to make internal stress small and not to apply the negative bias to a substrate during 
membrane formation in an ECR-CVD method for that purpose, in order to prevent the exfoliation from a SiC wafer 
at the time of DLC film membrane formation. 

[0036] Then. 1700 degrees C and annealing for 30 minutes are performed in Ar ambient atmosphere, and poured-in 

B atom is activated. Thereby, a depth of about 0.5 micrometers and the impurity range 7 of concentration 

1x101 8cm-3 are formed [this drawing (e)]. At this time, it is put into a SiC sample into a polycrystal SiC container. 

[0037] They are after annealing and the DLC film 6 02 for about 4 minutes Plasma ashing removes [this drawing (f)]. 

The conditions of ashing are Power 300W and 02. It is 100 degrees C in 50Pa of gas pressure, and substrate 

temperature. 

[0038] When AFM (Atomic Force Microscope: atomic force microscope) observation of the front face which carried 
out the above-mentioned process was performed, surface roughness Ra was about 0.3nm. It means that surface 
roughness was reduced to 1/10 compared with 3nm of surface roughness at the time of annealing this value without 
putting a protective coat. 

[0039] Moreover, in the conventional process, it was able to hold down to reduction of 20% of peak concentration in 
the process by this invention to the peak concentration of B having decreased 50% by the same ion implantation and 
same annealing of conditions. 

[0040] That is, by the approach of this invention, it turns out that big effectiveness was acquired by reduction of 

surface roughness, and maintenance of concentration only by putting the DLC film on the whole surface. 

[0041] In addition, the DLC film may be formed by the spatter and a photoresist may be used instead of the DLC 

film. 

[Example 2] drawing 2 (a) - (d) is the sectional view of the order explaining the manufacture approach of this 
invention second of a process. 

[0042] Like the example 1 . on the substrate layer 1 . it grew up and 4 H-SiC wafer activity of the epitaxial layer 2 
was carried out. 

[0043] After applying the photoresist 4 with a thickness of about 5 micrometers by the spin coater on an epitaxial 
layer 2, the part which performs patterning of the photoresist 4 and performs alternative doping is exposed [ drawing 

2(a)]. 

[0044] Subsequently, although it carbonizes and a photoresist 4 serves as the graphite film 8 in the heating process 
for performing alternative doping, it is applicable enough as a mask at the time of thermal diffusion [this drawing (b)]. 

[0045] Doping and diffusion of 2000 degrees C and 1 hour are performed, and an impurity range 7 is formed [this 
drawing (c)]. In B, as doping gas 9, diboron hexahydride [B-2 H6] can be used, for example. Carrier gas is Ar. The 
diffusion depth at this time is 5 micrometers. It becomes. Surface high impurity concentration was 1xl019cm-3. 
[0046] 02 for 20 minutes Plasma ashing removes the graphite film 9 [this drawing (d)]. 
[0047] Also in this case, surface roughness was 0.5nm or less. 

[0048] By this approach, although a mask ingredient should just be the organic film, if it is a photoresist, there is an 
advantage that processing for patterning is easy. 

[0049] in addition — as doping gas 9 — the case of aluminum — trimethylaluminum [aluminum (CH3)3] — it can be 

used — the same annealing — the diffusion depth — showy — it is set to about 1 micrometer. 

[0050] 

[Effect of the Invention] By depositing protective coats, such as diamond-like carbon film or organic film, on a front 
face, performing annealing, and removing the protective coat by the oxygen plasma etc. after annealing, after 
according to this invention performing alternative doping using a mask and removing a mask, as explained above, a 
SiC front face can be maintained at clarification and smoothness, and the SiC semiconductor device of a good 
property can be produced. 

[0051] Moreover, using the mask of organic film, such as a photoresist, the former very difficult alternative diffusion 
was attained and by carbonizing the mask showed that Junction of the depth which is several micrometers could be 
formed. 

[0052] Therefore, this invention makes a big contribution to the spread of silicon carbide semiconductor devices, 
and development. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (f) is the sectional view of the order of a production process of the semiconductor device by the 
manufacture approach of this invention first 

[Drawing 2] (a) - (d) is the sectional view of the order of a production process of the semiconductor device by the 
manufacture approach of this invention second. 

[Drawing 3] (a) - (e) is the sectional view of the order of a production process of the semiconductor device by the 
conventional manufacture approach. 
[Description of Notations] 

1 — Substrate Layer 

2 — Epitaxial Layer 

3 — Thermal Oxidation Film 

4 — Photoresist 

5 — B Ion 

6 — DLC Film 

7 — Impurity Range 

8 — Graphite Film 

9 — Doping Gas 
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